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% An Effay on the IJfefulncfs 

In all Ages and -Countries, where 
Learning hath prevailed, the Mathe- 
matical Sciences have been looked upon 
as the moft confiderable branch or it 
The very name Ma^* implies no left; 
by which they were called either for their 
excellency, or becaufe of all the Sciences 
they were firft taught, or becaufe they 
were judg d to comprehend imm m m*- 
SyfMiu. And amongft thofe, that are 
commonly reckoned to be the (even Li- 
beral Arts, four are Mathematical, to 
wit, Arithmetic!^ Mufic\^ Geometry^ and 
AJlronomy. 

But notwithftandin^ their Excellency 
and Reputation, they have not/ been 
taught nor ftudy'd fb unrverfally, as fcme 
of the reft; which I take to have pro- 
ceeded from the following caufes: The 
averfion of the greatefl part of Mankind to 
ferious attention ana cloje arguing ; Their 
not comprehending fufficiently the necejftty 
or great ufefulvefs of thefe in other parts cf 
Learning ; An Opinion that this Jtudy re± 
quires a particular Genius and turn of Heady 
which few are fo happy as to be Born tvitbj 
And the want of Public!^ Encouragement^ 
and able Mafiers. For thefe, and perhaps 
fbme other reafons, this ftudy hath been 
~ generally 



Of Mathematical Lea i 

generally negle<9ted, and r< ; 
by fbme few perlbns, who( 
nius and Curiofity have pre 
to it, or who have been fo ; 
by its immediate fiibfervie i 
particular Art or Office. 

Therefore I think I cann< : 
leryice to Learning, Youth, i 
tion in general, than by fhew i 
JSdathematicks of all parts of h \ 
ledge 7 for the improvement of t i 
tbeir fubfervieney to other Arts, i 
fulnefs to the Common-wealthy \ 
to be encouraged. I know a I 
this nature will be offenfi 
who, while they are ignorar : 
jnaticks, yet think themfe \ 
of all valuable Learning : bi 
jpleafure muft^ not deterr n < 
livering an ufef ill truth. 

The advantages, which ai 
Mind by Mathematical ftud 
chiefly in thefe things : ift. ] i 
ing it to attention, lalfi Ingi' 
bit of clofe and dernonjirati: 
^dly. In freeing it from prep 
lity y and fuperjtition. 

Firft, the Mathematicks 
Mind attentive to the objed; 
A3 
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4 Jn^aymthe^Vftfiilttitp ' 

confiders. This theytlo by entertaining 
it with a great variety\of truths, which 
are delightful and evident, but not ob- 
vious. Truth is the Tattle thing to the 
underftanding, as Miifick to the eat, and 
Beauty to the eye. The purfuit of it 
does really as much gratifie a natural 
faculty implanted in us by our wife 
Creator, as the pleafing of our Senfes: 
only in the former cafe, as the Object 
and Faculty are more Spiritual, the de- 
light is the more pure, free from the re- 
gret, turpitude, laffitude, and intempe- 
rance, that commonly attend ienmal 
pleafures. The moft part of other Sci- 
ences confifting only of probable rea- 
sonings, the Mind has not where to fix j 
and wanting fufficient principles to pur- 
fue its fearches upon, gives them over as 
impoffible. Again, $s in Mathematical 
invefiigattons truth may be found, (b it is 
not always obvious : This fpurs the 
Mind, and makes it diligent and atten- 
tive. JnOeometrid fays Quin&ilian, (lib, 
Leap. 10.) partem fattntur ejfe utilem te- 
neris cetatibus : agitari rutmque animos, atqiu 
acui interna, £0 celeritatefn percipiendi ve- 
nire inde concedunt. And Plato (in fypub. 
0, VII.) obferves, that the Youth, who 

are 
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are furnifhed with Mathematical k 
Iedg6, ' are prompt and quick at all < 

Science^ & SftbtiX 724 MdSfjftofo 0%Hf <(, 

vut. Therefore be calls it **m m 
Ufa And indeed Youth is general! 
nttith more delighted with Mathenk 
ftudies, than with the tmplea&nt t 
that ar6 fome times impofed upon t\ 
that' 1 } hive known fome reclaimer 
theft! from idlenefs and negf edi of le 
ihg,- and atcjuire in time a habr 
tRifnkmg, diligence, and attention ; < 
lities, which we ought to ftudy b) 
means tb beget in their defultory 
roving Minds. 

The fecoiid advantage,which the Hi 
.reaps from Mathematical knowledge 
a habit of clear y demonflrative^ and me 
dical Reaforting. We are contrivd 
Nature to learn by Imitation moretl 
by Precept: And I'beheve in that 
fpcflt HLeafoning is much like other 
feriour Art!s (as Dancing Singptp S 
acquired by practice. By accuftotn; 
ourfelves to Reafon clofelyabbut qui 
tity, we acquire a habit of doing £b 
other things. It is furprizittg to i 
what fupcrficial, inconsequential R 
ibnings, fatisfie the moft part of M 
A 4 ki 
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kind. A piece of wit, a jeft, alimile^or 
a quotation of an Author, partes for a 
piighty Argument : with fuch things as 
thefe are the moft part of Authors 
ftufftd : and from thefe weighty pre- 
mises they infer their conclufions. This 
weaknefsand effeminacy of Mankind in 
being perfwaded where they are delight- 
ed, nave made them the fport of Ora- 
tors, Poets, and Men of wit. Thofe la- 
mina Orationis are indeed very good di- 
verfion for the Fancy, tut are not the 
proper bufinefs of Clip JJtoflerftanding ; 
and where a Man pretends to .write on 
abftrad: lubje&s in a Scientifical method, 
he ought notto debauch "ia them. Lo- 
gical precepts are more ufeful, nay, they 
are abfolutely neceflary . fei; a .rule of 
formal ai : guiug ia publick disputations, 
and confounding an .obftinate, and per- 
yerfe adverfary, aqjd expofing him io 
the . audiencej or readers; But in the 
fearch of truth, an imitation of the me- 
thod of the Geometers wall carry a Man 
further than all the Dialfftical rules. 
Their JnalyfisM the proper model wf 
ought to form our felvp upon, ancUmij 
tate in the regular i^fit-ioa and gra- 
dual progrefs of ouf enquiries } and even 

:: v he, 
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Of Mathematical Learning, 7 

he, *who is ignorant of the nature of Ma- 
thematical Jnabfp, ufes a method feme- 
what ; Analogous to it. The Compofition 
oftheGeometers, or their method of ^de- 
monftrating truths already found out, 
yir. by Definitions of words agreed upon, by 
Self-evident truths find Probations dot have- 
been already demonfiratea^ is pra&icable 
in other lubjedts, tho not to the fame 
perfe&ion, the natural want of evidence 
ib the things themfelves not alJQwjng. 
its but it is imitable to, a cpnfiderable 
degree. I dare appeal to fome writings, 
of our own Age and Nation, the Au- 
thors of which have been Mathematically; 
inclined. I fhall add no more on thi% 
£?ad, but; that one,;who is accuftomed to 
the methodical Sy Items of truths, which 
the Geometers have reared up in the f& 
vejral branches of titofe* Sciences* which 
they have cultivated, will hardly bear 
with the confafion and -difbrder of other 
Sciences, but endeavour as far as he can 
£0 reform them. . 

ThlrdlfyMatkerMtical knowledge adds 
a manly vigour to the Mind, frees it 
from prejudice, credidzty, and fuperfiition. 
This it does two ways, ifi\ by accuftom- 
ing us to examine, and not to take things 

upon 
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8 'An Effay on the Vfefulnefe 

upon truft. ndly. By giving us a clear 
and extenfive knowledge of the Syftern 
of" the World; which, as it creates in us 
the moft profound reverence of the Al- 
mighty and wife Creator $ fo it frees us 
from the mean and narrow thoughts, 
which ignorance and fcperfthion are apt 
to beget. How great an en6my Mam- 
tnatiikt arc to fapetftition, appears from 
this, That in thofe Countries, where Jty- 
toijb Priefts exercife their barbarous Ty- 
ranny over the minds of Men, Afiromh 
titers^ who are fully perfwaded of the mo- 
tion of the Earth, dare not (peak out: 
Bat tho' the lnquifhion may extort a Re- 
cantation, the Pope and a general Coun- 
cil too will not find themfelves able to 
perfwade to the contrary Opinion. Per- 
haps, this may have given occafiotf to a 
Calumnious fuggeftion, as tfMatkematicks 
were an enemy to Religion, which is a 
fcandal thrown both on the one and the 
pther* for truth can never bean enemy 
to true Religion, which appears always 
to the beft advantage, when it is moft 
examined. 

Si pr opius fleS) 

Te caput magis. 

On the contrary, the Mathematics are 

friends 
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Of Mathematical Learning. 9 

friends to Religion j inafmuch as they 
charm the paflions,.reftr&in the impetu- 
ofity of imagination, and purge the Mind 
from error and prejudice. Vice is error, 
confufion and &lfe Reasoning ; and all 
truth is more or lels oppofite to it. Be- 
fides, MatbemmtAl ftudies may ferve for 
a pleafarit entertainment for thole hoars, 
which young Men are apt to throw away 
Upon their Vices j the delightfalnefs of 
them being fhch, as to make fblitude not 
only eaiy, but definable. 

what I haw faid may fef ve to recom- 
mend Mathtmtititltt for acquiring a vi- 
gotons ConAitutiont>f Miind; for which 
purpote they are as literates exercife is for 
procuring Health and Strength to the 
Body. I proceed now to mew their vaft 
extent and Ufefulnefs in other parts of 
knowledge. And here it might luffice 
to tell you, that bfathematuis is the Sci- 
tftct of quantity, or the Art of Reason- 
ing about things-that are capable of mere 
and left, and that the moft part of the ob- 
jects of our knowledge arefuch: as mat- 
ter, ipace, number, time, motion, gra- 
vity, &c. We have but imperfect ideas 
of things without quantity, and as im- 
perfect a*one of quantity it felf without 

the 
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the help ofMatbematicks. All the vr- 
fible works of God Almighty are made 
in number, weight, and meafure ; therefore 
to confider them, we ought to under- 
ftand Arithmetic^ Geometry, and Stations : 
and the greater advances we make in 
thofe Arts, the more capable we are of 
confidering fuch things, as are the ordi- 
nary objects of our Conceptions. But 
this will farther appear from particulars. 
And firft, if we confider, to what per- 
fection we now know the Courfes,. Pe- 
riods, Order, Diftances, and Proportions 
of the feveral great Bodies of the Uni- 
verfe, at leaf): fuch as fall within . our 
view j we fhail have cau{e to admire the 
Sagacity and Induftry of the Mathema- 
ticians, and the power of Numbers and 
Geometry well apply'd. Let uscaft our 
Eyes backward j and confider Agronomy in 
its Infancy : or rather let us fiippole it 
ftill to begin, for inftance, a Colony of 
Rude Country people, tranfplanted into 
an Ifland remote from the commerce of all 
Mankind, without fb much as the know- 
ledge of the Kalendar, and the Periods of 
the Seafbns, without InftrumentsJto make 
Obfervations, or any the leaft notion of 
Obfervations or Inftruments. When is it, 

we 
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Of Mathematical Learning. 3 

we could expe& any of their pofteri 
fhould arrive at the Art of predicting \ 
Eclipfe ? Not only fo, but the Art < 
reckoning all Eclipfes that are paft or 1 
come, for any number of Years ? Wht 
is it, we could- fuppofe, that one of tho 
Jflanders.tranfported to any other pla< 
of the Earth, fhould be able by the 11 
fpe&ion of the Heavens to find how muc 
he were South or North, Eaft or Weft c 
his own Ifland, and to conduct his Shi 
back thither ? For my part, tho' I kno 
this may be, and is daily done, by whs 
is known in Afironomy j yet when I cor 
fider the vaft Induftry, Sagacity, mult: 
tude of Observations, and other extrir 
fick things neceflary for fuch a fublim 
piece of knowledge, I fhould be apt t 
pronounce it impoffible, and never to b 
hoped for. Now we are let fo much in 
to the knowledge of the Machine of th \ 
Uniyerfe, and motion of its parts by th i 
Rules of this Science, perhaps the inven 
tion may feem eaf y. But when we re 
fled, what Penetration and Contri vane 
were neceffary to lay the foundations o 
fo great and extenfive an Art, we canno 
but admire its firft Inventors: as Thak, 
MUefius, who, as Diogenes Laertius and 

Pliny 
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fliny {ay, firft predi&ed Eclipfes ; and 
his Scholar Anaxtmander Mikfius, who 
found out the Globous Figure of thp 
Eaf th, the fllquinpftial Points, the Obli- 
quity of the Ecliptick, the principles of 
Goomonicte, and made the firft Sphere 
or linage of the Heavens j and Pythagoras, 
to whom wc pw9 the difcovery of the 
jxue Syfteraof the World, and order of 
the Planets. Tho' it may be, they were 
gifted by the Egfptians and Cbalckans. 
But whoever they were, that firft made 
thefe bold fteps in thi$ Noble Art, they 
ciefervethe praifeand admjratipfl of aU 
future Ages, 

Fehces awnue^ quibus h*c fogwfeere prmu, 

Inque dorms fuperas Jcandere curafdt. 
Credibtk eft illospanUr vttufque joeifque 

jfltius humanis exferuiffi caput. 
. ]$on Venus &vintw fublimia'pfSorafregit^ 

Offictumque fori, miltiieque labor. 
. Non levjs ambits perfufaqut gloria fact, 

Magwrumque fames JolitcitavU oputy, 
Admovere octdU difiantta ftdera nitfrif % 
jEtheraque mgenw fuppofuere fuo. 

Ovid. inI°.Faft. 

But tho' the ipdulhry of former Ages 

had difcpvsre4 the Feripds pf the great 

Bodies 
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Of Mathematical Learning. i$ 

Bodies of the Univerfe, and the true 
Syftem and Order of them, and their 
Orbits pretty near; yet was there one 
thing mil relerved for die glory of this 
Age, and the honour of the Btgltjb Nan 
tioaj The grand fecret of the whole Ma- 
chines which, now it is discovered, proves 
to be (like the other contrivances of In-* 
finite Widfom) fimpLe and natural, de- 
pending upon the moft known and moft 
common property of matter, viz.gr»w*y- 
From this the incomparable W.Nmtm 
has demonftrated the Theories of all the 
Bodies of the Solar Syftem, of all the 
primary Planets and their iecondaries, 
and among others, the Moon, which 
ieem'd moft averfe to numbers: And not 
only of the Planet*, the {1q weft of which 
campleats its Period in left than half the 
Age of a Man, but likewise of the Co- 
mets, fbme of which its probable ipend 
more than moo- years in one Revolution; 
about the Sun » for whole Theory he has 
laid tech a foundation, that after Ages 
affifted with more Obiervations, may.be 
able to Calculate their returns; In a 
word, the preceffion of the Equinoctial 
Points, the Tydes, the unequal Vibration 
of Pendulous Bodies, in different Lati» 

tudes, 
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tudes,&c. are no more a queftion to thofe, 
that have Geometry enough to underftandy 
what he has delivered on thofe Subjedrs : 
A perfection in Pbiiofophyfhat the boldeffc 
thinker durft hardly have hoped for; 
and, unlefs Mankind turn barbarous, will 
continue the Reputation of this Nation; 
as long as the Fabrick of Nature (hall efr 
dure. After this, what is it, we may not 
expe& from Geometry join d to Obfervati- 
ons and Experiments ? 
• The next confiderable obje<St of Na- 
tural knowledge, I take to be Light. 
How unfuarefsful enquiries are about 
this Glorious Body without the help of 
Geometry, may appear from the empty 
and frivolous difcourfes and deputations 
of a fort of Men,that call themtelves ?hi- 
lofophers ; whom nothing will ferve for- 
footh, but the knowledge of the very 
Nature, and intimate Caufes of every 
thing: while on the other hand, the 
Geometers not troubling themfelves with 
thofe fruitlefs enquiries about tile No* 
ture of Light, have difcovered two re- 
markable properties of it, in the refle- 
xion and refra&ion of its teams : and 
from thofe, and their ftreightnefs it 
other cafes, haye invented the noble 

Arts 
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Arts of Optkfy,Cat^iclh,»od Duipi 
teaching cm to manage this fubtile ! 
for the improvement of oar know 
andufefulpurpofesofLife. The) 
likewife demonftrated the caufes I 
veral Coeleftial appearances, that : 
from the inflexion of its Beams, 
in the Heavenly Bodie% themfelvc 
other Phcenomena, as Parhelia, th 
£cc. and by a late Experiment they I 
difcovered the celerity of its m< I 
And we ftiall know yet more furpi 
propertied of Light, when M r * ^ 
thallbe pleas'dtogratifietheWbrlc 
his Boof^ of Light and Colours. 

The Fluids which involve ou* ] 
viz* Ait and Water, are the next | 
and confpicuous Bodies, that Natur 
fents to tour view: And I think we i 
little of either, but what is owii 
Metbamcks arid Geometry. * The 
chiefeft properties of Air, its C\ i 
and Elaftick force, have been difco \ 
by Mechanical Experiments, 
thence the decreafc of the Aire d 
according to the increafe of the dil I 
bf the Earth has been demonftrafc 
Geometer*, and Confirmed by Experii 
of the ihbfidence of xh& Mercury ) 
- i B 
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Torricellian Experiment. From this like- 
wife, by affiftance of Geometry, they have 
determined the height of die Atmo- 
sphere, as far as it has any fenfible den- 
sity; which agrees exaftly with another 
Obfervatbn of the duration of the Twi- 
light. Ar and Water make up the objed 
of the Hydroftaticks, tho' denominated 
only from the tatter, of which the prin- 
ciples were long fince fettled and demon- 
ftrated by Archimedes, in his Book «r£ 
TmoxptdJK**, where are demonftrated the 
caufes of feyeral fiirprizing Fhoenomena 
of Nature, depending only on the AZqui- 
librium of Fluids, the relative Gravities 
of thefe Fluids, and of Solids fwimming 
or finking therein. Here atfb the Ma- 
thematicians confider the different Pref- 
fiires, Refinances, and Celerities of So- 
lids moved in Fluids: from whence they 
explain a great many appearances of 
Nature, unintelligible to thofe who are 
ignorant of Geometry. 

Next, if we defcend to the Animal 
I(ingdom y there we may fee thebrighteft 
ftrokes of Divine Mechanicks. And whi- 
ther we confider firft the Aiimal Oeconotny 
in general, either in the internal motion 
and circulation of the Juices forced 

through 
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Of Mathematical Learning. 17 

through the fe veral Canals by the motion 
of the Heart, or their external motions, 
and the Inftruments wherewith thefe are 
performed, we muft reduce them to Me- 
chanical Rules, and confefs the ne- 
ceffity of the knowledge of Mechanicks 
to underftand them, or explain them to 
others. Barelli in his excellent Treatife 
de motu AnimaUum, Stem in his admirable 
Myologia Jpecime*> and other Mathema- 
tical Men on the one hand, and the non- 
fenfical, unintelligible fluff that the com- 
mon Writers on thefe Subjeds have filled 
their Books with on the other, are fuf- 
ficient instances to fhew, how neceffary 
Geometry is in fuch (peculations. The 
only Organ of an Animal Body, whofe 
ftru&ure and manner of operation is ful- 
ly underftood, has been the only one, 
which the Geometers have, taken to their 
{hare to confider. It's incredible, how 
fillily the greateft and ableft Phyficians 
talked of the parts of the Eye and their 
ufe, and of .the modus vtfionis, before 
Kepler by his Geometry found it out, and 
put it pail difpute, tho they apulyd 
themfelves particularly to this,, and va- 
lued themfelves on it : and Galen pre- 
tended a particular Divine Commiffion 
Ba ta 
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to treat of it. Nay, nbtwithftandingthe 
full difcovery of it, fame go on in co- 
pying their Predeceffors, and talk as *Lto» 
geometrically as ever. It's true, we can- 
not reaibn (b clearly of the internal mo- 
tions of an Animal Body, as of the ex- 
ternal, wanting fufficient data and de- 
cifive Experiments: But what relates to 
the latter (as the Articulation, Strudnre^ 
Inlertion, and Vires of the Mnfcles) is as 
fubjed to ftrid Mathematical difquifi- 
tion, as any thing whatfbever* and even 
in the Theory of Difeafes and their 
Cures* thofe^ who talk Mechanically, talk 
moft intelligibly. Which may be the 
reafbn for the Opinion of the ancient 
phyficians, that Mathematicks are necef- 
fary for the ftudy of Medicine it (elf, for 
which I could bring long quotations oat 
of their works. Among the Letters that 
are afcrib'd to Hippocrates, there is one 
to his Son Theffalus, recommending to 
him the ftudy of Arithmetics &nd Geome- 
try, as neceffary to Medicine. Galen in his 
Book intituled on *£/$& Ictrpbe h$j wAoor- 
(p<&, begins, oio* <n mwwfacw oi m?h.oi ? *fojf-> 

«n £ rii$ mXtsioic tm \mtm avu/SiQutof mtfvSat 
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/tip ?$ 1-gB-expartto Key ufauia,: 
$yi£*i 3 avrZfC*. iftoicif txeoa 
$ T2**t*ti«n. o* f# # xjwtp* 

/ami, tL s t«W nytfMb *l c 

Ttfaty oft* *ci* me l»»Min fiipfy 

of the reafons of the Anci 
be now fomewhat unfafliion 
becaufe they thought a Phy 
be able to know the fituatior 
of the Stars, which they beli 
fluence upon Men and their I 
pofitively to deny it, and (a 
have none at all, is the effe<l 
Obfervation) wehayeamuc 
undoubted one in its room 
Mathematicks are found to 
Inftrument of promoting na 
ledge, idly. If we confide] 
the Animal Oeconomy in ; 
iikewife the wonderful ftrud I 
different forts of Animals, i < 
die different purpofes for i 
.were defign d, the various El: 
inhabit, the feveral ways cl 
.their nourilhment, and props , 
kind, the different enemies 
and accidents they are fubje^i 
B 3 
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ftill a greater need of Geometry. It is 
pity, that the qualities of an expert ^4na- 
* >l tormft and skillful Geometer have feldom 

met in the fame perfbn. When fiich a 
one fhall appear, there is a whole Terra 
incognita or delightful knowledge to em- 
ploy his time, and reward his induftry. 

As for the other two Kingdoms $ B*> 
reUi and other Mathematical Men, feem to 
have talked very clearly of Vegetation: and 
Stem another Mathematician,in his excel- 
lent Treatife de Soltdo intra Solidum natura- 
titer contento y has apply'd this part of learn- 
ing very handfomely to Fojfils and fbme 
other parts of Natural Hiftory. I fhall 
add only one thing more, That if we 
confider motion it 1 elf, the great Inftru- 
ment t>f the Anions of Bodies upon one 
another, the Theory of it is entirely 
owing to the Geometers ; who have de- 
monftrated its Laws both in hard and 
elaftick Bodies; fhew'd how to meafure 
it s quantity, how to compound and re- 
fblve the feveral forces, by which Bodies 
are agitated, and to determine the Lines, 
which thofe compound forces make 
them defcribe: of fuch forces gravity, 
being the moft conftant and uniform, 
affords a great variety of ufefiil know- 
ledge^ 
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ledge, in confidering feveral motions 
that happen upon the Earth; vi% As to 
the free defcent of heavy Bodies ; The 
curve of projeddles; The defcent and 
weight of heavy Bodies when they lye on 
inclined plains ; The Theory of the mo- 
tion of Pendulous Bodies, &c. 

From what I have faid, I fhall draw 
but one Corollary, That a natural Phi- 
lofbpher without Mathematicks is a very 
odd fort of a perfbn, that reafbns about 
things that have Bulk, Figtte, Motion, 
Number, Weight, &c without Arithme- 
tic^, Geometry, Mechanic fa Static fa dec. 
I muft needs fay, I have the laft con- 
tempt for thofe Gentlemen, that pretend 
to explain how the Earth was framed, 
and yet can hardly meafure an Acre of 
Ground upon the furface of it: And as 
the Philofopher fpeaks, §(m repentepedi- 
bus Ulotit ad Philofophos divertmt, non hoc 
eft f atis, quod fint omninb afaipnm, *pxm 9 
tigsufiirprm, fed legem etiam dant," qud Phi- 
lofophari difcant. 

The ufefulnefs of Mathematicfa'm fe- 
veral other Arts and Sciences is fully as 
plain. They were looked upon by the. 
ancient "Philofbphers as the key to all 
knowledge. Therefore Plato wrote upon 
B 4 his 
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hi$ School, Ovine mpufHrfniK emru. Let 
none unskjMed in Geometry enter j zndXem- 
traits told one ignorant in Matbematicfa 
who defired to be his Scholar, that he 
was fitter to Card Wooll, ha&i* ytf 2* 
IjCHt *<AowKpiW, jfl* want the handle of Pbi- 
fofopby, viz. Geometry. There is no on- 
derftanding the works of the ancient 
Philofophers without it. Tbeo Smyrtuew 
has wrote a Book entituled, An explana- 
tion of thofo things in Mathematicks, 
that are neceffary tor the reading of P/«- 
toi Jriftotle illuftrates his precepts and 
Other thoughts by Mathematical exatn- 

gles, and that not only in Logck^ dec. 
at even in Ethitfa where he makes ufe 
of Geometrical and Arithmetical pro- 
portion, to explain commutative and dip 
tributive joftice. 

Every oody knows, that Cbronohgf and 
Geography are indifpen&ble preparations 
for Hiftory : a relationof matter of fad; 
being * very lifeleis infipid thing with- 
outtnecircumftances of time and place* 
Jlor is it fuificient for one, that would 
nnderftand things thoroughly, that he 
fcnows the Topography, that is, the 
name of the Coontry, where fuch a place 
lies, with thofe of the near adjacent 

places, 
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places, and how thefe lie in refpeft of 
one another; but it will become him 
likewife to underftand the Scientifical 
principles of the Art: that is, to have a 
true Idea of a place, we ought to know 
the relation it has to any other place, as 
to the diftance and bearing, its Climate, 
Heat, Cold, length of days, &c. which 
things do much enliven the Readers no- 
tion of the very a&ion it (elf. Juft fo, 
it is neceffary to know the Technical or 
Dodrinal part of Chronology, if a Man 
would be throughly skill'd in Hiftory, 
it being impoflible without it, to unravel 
the confufion of Hiftorians. I remem- 
ber M r . Holly has determind the day and 
hour of jfultus Cafars Landing in Britain, 
from the circumftances of his relation. 
And every body knows, how great ufe 
our incomparable Hiftorian M r . Bodrvell 
has made of the Calculated times of E- 
clipfes, for fettling the times of great 
Events, which before were as to this 
eflential circumftance almoft fabulous. 
Both Ckromhgf and Geography, and alfo 
the knowledge of the Sun's and Moon s 
motions, fo far as they relate to the 
constitution of the Kalendar and Year, 
are neceflary to a Divine, and how fadty 

fome 
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feme other wife Eminent have blunder d, 
when they meddled with things that re- 
late tothefe, and border on them, is too 
apparent. 

No body, I think, will oueftion the ia- 
tereft, that Ma thematicks have in Paint- 
ing, Muficky and Arcbue&urc^ which are 
all founded on numbers. Perfpe&ive 
and the Rules of Light and Shadows are 
owing to Geometry and Opticas: And I 
think thofe two comprehend pretty near 
the whole Art of Painting, except deco- 
rum *&& ordinance; which are only a due 
obfervance of the Hiftory and Circum- 
ftances of the fobjeft, you reprefent. For 
by Perfpe&ive, may be underftood the 
Ait of defigning the outlines of your 
fblid, whether that be a Building, Land- 
skip, or Animal : and the draught of a 
Man is really as much the Perfpe&ive of 
a Man, as the draught of a Building is 
of a Building ; tho' for particular reafons* 
as becaufe it confifts of more crooked 
lines, &c. it is hard to reduce the Perfbe- 
&ive of the former, to the ordinary efta- 
blifhed Rules. 

If Matbematichs had not reduced Mu- 
jk\ to a regular Syftem, by contriving its 
$caUs> it had been no Ait, but Enthufi- 

altick 
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aftick Rapture, left to the roving fancy 
of every Pra&itioner. This appears by 
the extraordinary pains, which the Anci- 
ents have taken to fit numbers to three 
forts of Mufick, the Dtatonick, Chroma* 
tick, and Enharmomckj. which if we con- 
fider with their nicety in diftinguifhing 
their feveral Modes, we fhall be apt to 
judge, they had ibmething very fine in 
their Mufick, at lead for moving the pa£ 
fions with fingle Instruments and Voices. 
But Mufick^ had been imperfeft ftill, had 
not Arithmetic^ ftepped in once more, 
and Guido Arettnus by inventing the 
temperament, making the Fifth falfe by 
a certain determined quantity, taught us 
to Tune our Organs, and intermix all 
the three kinds of the Ancients; to which 
we owe all the Regular and Noble Har- 
mony of our modern Mufick^ 

As for Civil Architecture (of Military I 
(hall (peak afterwards) there is hardly 
any part of Mathematics but is fbme 
way fubfervient to it. Geometry and 
Arithmetick for the due meafure of the 
feveral parts of a Building, the Plans, 
Models r computation of Materials, time 
and charges: for ordering right its 
Arches and Vaults, that they may be 

both 
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both firm and beautiful: Mechanic^* 
for its ftrength and firmnefs, tranfport- 
wg and tamng materials: and Opticks 
for the Symmetry and Beauty. And I 
would not have any aflame the chara&eir 
of an j&cbiteS without a competent 
skill in aU of thefe. You fee that Vi- 
trttvius requires thefe and many more 
for making a compleat JrtbiuU. I miift 
own, that fhould any one fet up to 
practice in any of the fore-mentioned 
Arts, furnilhed only with his Mathema- 
tical Rules, he would produce but very 
clumfy pieces. He, that fhould pretend 
to draw by the Geometrical Rules of Per- 
lpeAive, or Compote Mufick meerly by 
his skill in Harmonical numbers, would 
(hew but aukward performances. Inthofe 
Compos'd Subje&s, befides the ftiff Rules* 
there muft be Fancy, Genius, and Habit. 
Yet neverthelels thefe Arts owe their 
being to Motbematicks , as laying the 
foundation of their Theory, and afford- 
ing them Precepts, which being once 
invented, are tecurely rely d upon by 
Fra&itioners. Thus many defign, that 
know not a tittle of the reafbn of the 
Rules, they pra&ice by 5 and many no 
better qualifyd in their way Compote 

Mufick^ 
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Mufak^ better perhaps than he could 
have done, that invented the Scale, and 
the Numbers upon which their Harmony 
is founded. As Mathematicks laid the 
foundation of thefe Arts, fb they muft 
improve them : and he,that would invent* 
muft be skill'd in Numbers. Befides it 
is fit a Man (hould know the true grounds 
and reafbns of what he ftudles: and he 
that does fb, will certainly pra&ice in his 
Art with greater judgement and variety, 
where the ordinary Rules foil him. 

I proceed now to (hew the more itn* 
mediate ufefulnefs of Mathematical in 
Civil Affairs. To begin with Jritbmetich, ^ 
it were an endlefs task to relate its feve* 
ral ufes in publick and private bufinefi. 
The regulation and quick difpatch of 
both, feem intirdy owing to it. The 
Nations, that want it, are dtogether bar- 
barous, as fbme Americans, who can 
hardly reckon above twenty. And I be- 
lieve it would go near to mine the Trade 
of the Nation, were the eafy pra&ice of 
A-itbmetu^aboYxihed: for example, were 
the Merchants aad Tradefmen oblig d 
to make ufe of no other than the Roman 
way of notation by Letters, inftead of 
our prefent. And if we (hould feel thfi 

want . 
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want of our Arithmetic^ ia the eafieft 
Calculations, how much more in thofe, 
that are fbme thing harder ; as Intercft 
fimple and compound, Annuities, &c. in 
which, it is incredible, how much the or- 
dinary Rules and Tables influence the 
difpatch of bufinefs. Arithmetic^ is not 
only die great Inftrument of private 
Commerce, but by it are (or ought to 
be) kept the publick Accounts of a Na- 
tion : I mean thole, that regard the whole 
State of a. Common-wealth, as to the 
number, fru&ification of its people, in- 
creafe of Stock , improvement of Lands 
and Manufactures, Ballance of Trade, 
Publick Revenues, Coynage, Military 
power by Sea and Land, &c. Thofe, that 
would judge or reafbn truely about the 
State of any Nation, muft go that way 
to work, fubje&ing all the fore-menti- 
oned particulars to Calculation. This is 
the true Political knowledge. In this 
refpeti: the affairs of a Common-wealth 
diner from thofe of a private Family, 
only in the sreatnefs and multitude of 
particulars, that make up the accounts. 
Macbiavel goes this way to work in his 
account of different Eftates. What Sir 
William Petty and feyeral others of our 

Country- 
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Country-men have wrote in Political 
Arithmetic^ does abundantly fhew the 
pleafure and ufefulnefs of fuch Specula- 
tions. It is true, for want of good infor- 
mation, their Calculations fome times 
proceed upon erroneous fuppofitions : 
but that is not the fault of the Art. But 
what is it, the Government could not 
perform in this way, who have the com- 
mand of all publick Records ? 

Laftly, Numbers are applicable even to 
fuch things, as feem to be go vern'd by no 
rule, I mean fuch as depend on Chance: 
The quantity of probability and propor- 
tion of it in any two propofed cafes being 
fubjed: to Calculation as much as any 
thing elfe. Upon this depend the princi- 
ples of Game. We find Sharpers know 
enough of this, to cheat fbme men that 
would take it very ill to be thought Bub- 
bles : And one Gamefter exceeds another, 
as he has a greater fagacity andreadinefs 
in Calculating his probability to win or 
lofe in any propofed cafe. To under- 
ftand the Theory of Chance throughly, 
requires a great knowledge of Numbers, 
and a pretty competent one of Algebra. 

The feveral ufes of Geometry are not 
much fewer than thofe of Arithmetic!^ 

It 
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It is neceflary for afcertaining of pro- 
perty both in Plains and Solids, or in 
Surveying and Guaging. By it Land is 
fold by the meafure as well as Cloth : 
Work-men are pay'd the due price erf 
their labour, according tothefuperficial 
or fblid meafure of their work: and the 
quantity of liquors determined for a due 
regulation of their price and duty. All 
wnich do wonderfully conduce to the 
eafy difpatch of bufinefs, and the pre- 
venting of frauds and controversies. I 
need not mention the Meafuring di- 
ftauces, laying down of Flans and Maps 
of Countries, in which we have daily 
Experience of its ufefulnefs. Thefe are 
fbme familiar inftances of things, to 
which Geometry is ordinarily apply d : of 
its ufe in Civtl, Military, and Naval Ar- 
chitecture we (hall fpeak afterwards. 
From Jfironomy we have the regular 
/ difpofition of our time, in a due fuccef 1 
lion of years, which are kept within 
their limits as to the return of the Sea- 
fbns, and the motion of the Sun. This 
is no fmall advantage for the due repe- 
tition of the fame work, Labour and 
A&ions. For many of our Publick, Pri- 
vate^ Military, and Country Affairs, Ap- 
pointments, 
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pointments, &c. depending on tfoe pro- 
duds of the Ground, and they cm the 
Seafbns; It is neceflary, that the returns 
of them be adpfted pretty near to the 
motion of the Sun : and we fliould quickly 
find the ipconvenieacy of a^vagae iiride± 
termined yeir, if we tried that of the \ 
Mafiumetanj) whefe beginning and eytfry \ 
montli wanders through all the days of 4 
ours or the Solar year* which fhews the 
Sea&ns. Befide y the adjfcffciag of thb 
Moon s motion to the Su&'s is required 
for the decent Obferyation^ and Celebra- 
tion of the Church-Feafls and i^J accord- 
ing to the AncientrCuftom arid Primitive 
Irrilicution ; and likewife for tie know- 
ing of the Ebbing and Fkfwing of th£ 
Tide*, the Spring- and Neap Tides, Cur- 
tent% &c* Sathat what-ever fbme peo* 
pie may think of an AMamcky^it aH 
thefeare fet down, 'it is oftenfimes^thS 
moit ufefut paper that is pfablife&l the 
fame year wiriv it:' Nay* the Natibri 
could better fjpare all the 1 Vduittinoui 
Authors in the T&m-C&alogtey than that 
Sftglefheet. Befides, without a regular 
Chcsonology , there -can b6 no certain 
Hiftk»y ^which^p^brs b? the con&fion 
jUttori^Hii^iiwft* before the right diP 
i.r\\; C ' . pofition 



Digitized 



by Google 



3* An Bffay on the Vfefidnefs 

pofition of the year, and at prefent a- 
tnong the Turks , who have the fame 
confufion in their Hiftory as in their Ka- 
lendar. Therefore a matter of fuch im- 
portance might well deferve the care of 
the Great Emperour y to whom we owe 
our prefent Kalendar >. who was himfelf 
a great proficient in Jftronomy. Pliny 
has quoted feyeral things from his Books 
of the Rjjing and Setting of the Stars, 
Lib. XVIII. cap. 2f 9 26 y &c. and Lucan 
makes him fay, 

Media inter praliafemper 



SteUarumfaliqueplagis^fupertfquevacavi. 

The Mechanicks have produced fomany 
ufeful Engines, fubfervient to convent 
ency, that it would be a task too great to 
relate the feveral forts of them : tome of 
them keep Life it felf from being a bur- 
den. If we conlider fuch, as are invented 
for railing weights, and are employ d in 
Building and other great works, in which 
no impediment i$ too great for them; 
or Hydraulic!? Engines for railing of Wa- 
ter, ferving for great ufe and comfort to 
Mankind , where they have no other 
way to be fiipply d readily With that ne- 
ceflary Elements or fuch as, by making 

Wipd 
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Wind and Water work for us, fave Ani- 
mal force and great charges, and per- 
form thole a&ions, which require a vaft 
multitude of hands, and without which 
every Man s time would be too little to 
prepare his own Aliment and other ne- 
ceflariesj or thole Machines, that have 
been invented by Mankind for delight 
and curiofity, imitating the motions of 
Animals, or other works of Nature > we 
fhall have realbn to admire and extoll fb 
excellent an Art/ What fhall we fay of 
the feveral Inftruments, which are con- 
triv'd to meafure time > Welhould quick- 
ly find the value of them, if we were re- 
duced -to the condition of thole barba- 
rous Nations, that want them. The 
Vmdidum-Clock invented and compleated 
by that famous Mathematician Monfieur 
Hugms is an ufeful invention. Is there 
any thing more wonderful than feveral 
Planetary Machines, which have been in- 
vented to fhew the motions of the Hea- 
venly Bodies, and their places at any- 
time ? Of which the moft Ingenious, ac- 
cording to the exa&eft Numbers and 
true Syftem, was made by the fame ML 
Hugenti to which we may very iuftly 
apply Claudians noble Verfes upon that of 
Jrjcbmedes. C z Jupiter 
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Sfafiter in paryo turn center tt jEtbera vitrot> 

J^/ky & adfuperos tali* difito dedit : 
<Hu€gmz mutatis Prc^effa pvtetrtia tune > . . 
r. Jam meus. mfragihludttur €rbe lobar. . 
Jma poll, tmmupte fidemy Jegefqw Deartm 
r EcteSyracujms tranftulti arte^fentx. 
Jnclufits vatiis famulatur fpkkm ajku y . 
• . Et vivtan certts motibns urget apus± 
Ptrcttrrit ptDprimn mmtitus Jigiifer attt&iky 
. Et fentdat*. mvo Cynthia mtnfe reditu :. 
Sjfamfijmrn mhens audaxinduftrim mundum 
- Gaudet^ & bumand fideru niettie regit. / 
Qfdd falfo infmtern tmtttu Saltlumeacmrari 
-r jEmtdanaturm parvarsperiamamis. 

Here I ought to mention the Sciutber 
weal tnftraments, foe want b£ which therte 
was a time, when the Qretims thomfelvtt 
were forced to meafiire the Shadow, in 
order to kaok the Hoar ; and as P/ixy 
{pap. vk. Jifc VII.) tells us, the 2{amdns 
nude u£b of an erroneo w Sun-cfial for 
ninety mae years, till Q^JMarciui Pbtiifh 
pus their. Cenfor fetup abetter; which 
no doubt .at. that /time was thqai^itt a 
Jewel. And at laflythat famous Pyramid 
was ifef ap iivthe eampusMartius^tofetite 
for a! Gnomon to a^Dial mailed on the 
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ftreet* To this fort of Engines, ought to 
be referred Spheres, Globes, Jfirolabes, Pro* 
jef&msof the Sphere, &c. Thefearefuch 
ufefiil and neceflary things, that Alone 
may recommend the Art^ by which they 
are made. For by thefe we are able m 
our Clofet to judge of the Celeftial mo- 
tions, and to vifitthe moft diftant places 
of the Earth, without the fatigue and 
danger, of Voyages; to determine co<h 
cerning theirdiftanca, Situation, Climate^ 
Nature of the Seafbns, kngth of their 
days* and their relation to the Celeftial 
Bodies, ad much as if we were Inhabi- 
tants. To all thefe J might add thofe 
Instruments, which the Mathematician* 
have invented to execute theirown pre- 
cepts, for making Qbfervatums either at' 
Sea or Land, Sierveying^Gauging^c. 

The Cdtoptrict* and Dioptrkks furnifh v 
os with variety of ufeful invention?, 
both for the promoting of knowledge,' 
and thfe conVeniencies of Life ; whereby 
Sights the greafc Inftrument of our per- 
ception, isfc> much impi qv'd, -that nei- 
ther the distance, nor the minuteiieifs of 
the Object areany more impediments to 
it. The Tdefecpt is of (b Vaft ufe, that, 
befides the delightful and ufefol puirpofes 
C3 ' it 
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it is apply d to here below, as the defc 
crying Ships, and Men, and Armies" at 
a diftance, we have by its means difco- 
vered new parts of the Creation, frefh 
inftances or the furprizing Wifdom of 
die Adorable Creator. We have by it 
difcovered the Satellites of Jupiter, the 
Satellites and Ring of Saturn, the Rota- 
tion of the Planets about their own 
Axes* befides other appearances, where- 
by the Syftem of the World is made 
plain to fenfe, as it was before to reafon. 
The Tele/cope has alio improv d the man- 
ner of Jfironomcal oljervatkns, and 
made them much more accurate, than it 
was poffibie for them to be before. And 
thefe improvements in Jfironomy^ have 
brought along with them (as ever) cor- 
refpondent improvements in Geography. 
From the Obfervation of Jupiter s Satel- 
lites, we have a ready way to determine 
the Longitude of places on the Earth. 
On the other hand, the Microfcape has 
not been lefs ufeful in helping us to the 
fight of fuch Obje&s, as by their mi- 
nutenefs efcape our naked eye. By it 
Men have purfued Nature into its moft 
retir'd recefles ; fo that now it can hard- 
ly any more hide its greateft Myfterie$ 

from 
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from us. How much have we learned 
by the help of the Micro/cape of the 
contrivance and ftru&ure of Animal and 
Vegetable Bodies, and the compbfition 
of Fluids and Solids? But if thefe Set- 
ences had never gone further, than by 
their fingle Specula and Lentes to give 
thofe furprizing appearances of Objedfcs 
and their Images, and to- produce heat 
unimitable by our hotteft Furnaces, and 
to furnifh infallible, eafy, cheap, and 
fafe remedies for the decay of our Sight 
arifing commonly from old Age, and for 
purblindnefs; they had merited the great- 
eft efteem,and invited to the clofeft ftudy: 
.efpecially if we confider, that fuch as na- 
turally are almoft blind, and either know 
not their neareft acquaintance at the 
diftance of a rooms breadth, or cannot 
read in order to pais their time pleafant- 
ly, are by Glafles adapted to thedefeA . 
of their Eyes fct on a level again with 
thofe that enjoy their Eye-fight beft, and 
that without danger, pain, or charge. 

Again,Mathematicks are highly fervice- 
able to a Nation in Military Affairs. I 
believe this will be readily acknowledg'd 
by every body. The Affairs of War 
take in Number, Space, Force, Diftance, 
C4 Time, 
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Time, &c. {things of Mathematical con* 
fidcration) in all its parts, in Ta&icks, 
Caftrarnelation, Fortifyingy Attacquing, and 
Defending. The Ancients had more ocr 
cafion for Mechanicks in the Art of War 
than we have : Gun-powder readily pro-« 
during a force far exceeding all the En- 
/ fjines, they had confriv'd for Battery. 
And this I reckon has loft us a good 
occafion of improving our Mechanicks ; 
f the cunning of Mankind never exerting 
j at felf fo much, as in their Arts of de- 
^ ftroyingone another. But^as Gun-powder 
has made Mechanicks lefs ferviceable to 
War s it has made Geometry more necef- 
iary : There being a force or refiftance 
in the due measures and proportions of 
the Lines and Angles of a Fortification, 
which contribute much towards its 
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But there is another much harder piece 
of Geometry , which Gun-powder had 
given as occafion to improve, and thafr 
is the do&rine of Proje&iles ; whereon 
the Art of Gunnery is founded* Here 
the Geometers have invented a beautiful 
Theory, and Rules and Inftmroenw* 
which have reduced the dafting of Bombs 
to great exa&nefi. As for TaBiejs and 
CaJframttatmL, Mtthematicks retain the 
fame place in them as ever. And fome 
tolerable skill in thefe are neceflary for 
0#roy,as well as for jEnginetrs. An Of* 
fictr, that underftands Fortification, will 
uteris farifnu much better defend his ppft, 
as knowing, wherein its ftrength con- 
fifts, or make u£e of his advantage to 
his Enemy's Ruine, than he that does not. 
He knows, when he leads never Co final! 
a party, what his advantages and difad- 
vantages in Defending and Attacqqing 
are, how to make the beft of his Ground 
&c. And hereby Can do truely more 
fervice than another of as much Cou* 
rage, who, for want of fuch knowledge, 
it may be, throws away himfelf and. a 
number of brave Fellows under his 
Command : and it's well, if the mifchief 
reaches no further* As for a competent 
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skill in Numbers, it is fb necefiary to Of- 
ficers, that no Man can be fafely trufted 
with a Company ^ that has it not. All 
the bufinefsis not to fire Mufquets, the 
managing of Affairs, the dealing with 
Agents, &c happen more frequently. 
And the higher the Command is, the 
more skill in all the afbrefaid things is 
required J And I dare appeal to all the 
Nations in Europe^ whether coterie pari- 
bus Officers are not advanced in pro- 
portion to their skill in Mathematical 
Learning y except, that feme times Great 
Names and Quality carry it; but ftill fo, 
as that the Prince depends upon a Man 
of Mathematical Learning that is put as 
dire&or to the Quality, when that Learn- 
ing is wanting in it. 

' Laftly, Navigation which is made up 
of jijtronomy znd Geometry, is fb noble an 
Art, and to which Mankind owes (b 
many advantages, that upon this fingle 
account thofe Excellent Sciences defer ve 
moftof all to be ftudy d, and merit the 
greateft encouragement from a Nation, 
that owes to it both its Riches and Se- 
curity. And not only does the Com- 
mon Art of Navigation depend on Ma- 
thematich, but whatever improvements 
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fliall be made in the ArchiteBura Novate *"** 
or Building of Ships, whether they are 
defign d for Merchant-Ships, or Ships of 
War, whether fwift running, or bearing 
a great fail, or lying near the wind be 
defired, thefe muft all be the improve- 
ments' of Geometry. Ship-Carpenters in- 
deed are very induftrious; but in thefe 
things they acknowledge their; inability, 
confefs that their beft productions are 
the efle&s of chance, and implore the 
Geometers help. Nor will common Geo- 
metry do the bufinefs $ it requires the 
moft abftrufe to determine the different 
fe&ionsof a Ship, according as it is de- 
fign d for any of the forefaid ends. A 
French Mathematician P. Le Hofte has *- ~ 
lately endeavoured ibme thing in this 
way : and tho' it is not free from errors, 
as requiring a fuller luiowledge in Geo-, 
mtryi yet is the Author much to/be : 
commended for this, as having bravely ■ 
defign d, and pavd the way for other 
Mathematicians ; and alio for the former 
and bigger part of his Booki wherein 
he brings to a fyftem the working of 
Ships, and the Naval. TaUicks^ or the re*v 
gular difpofition of a Fleet in Attac- ^ 
quing, Fighting and Retreating, accord- 
ing 



Digitized 



by Google 



42 AnEffhy ontbe r Ufefulneft 

i#g to the different circumftances of 
Wind, Tides, &c. < 

The great, obje&ion, that is made a- 
gainft the neceffity of Mathematufa in 
the fore-mentioned great Affairs of Na* 
negation, the Art Jmlitary^ &c. is, that 
we fee thole Affairs are carry d oft and 
managed by (itch, as are not great Ma- 
thematicians; as Sea-men, Engineers, 
Survey ers, Gaugers, Clock-makers, Glafs- 
grinders^ &c. and that the Mathemati- 
cians are commonly Speculative, Retir d, 
Studious Men, that are notforana&ive 
Life and bufineis, but content themfelves 
to fit in their Studies, and pore over a 
Scheme or a Calculation. To which there 
is this plain and eafyanfwer: The Ma- 
thematicians have not only invented and 
order d all the Arts above-mentioned, 
by which thole grand Affairs are ma- 
naged; but have laid down Precepts, 
contriv'd Inftruments and Abridgements 
ib plainly, that common Artificers are 
capable of pra&ifing by them, tho' they, 
understand not a tittle of the grounds, 
on which the Precepts are built. Ami 
in this they have con&lted the good 
and neceffities of Mankind. Thofe Af- 
fairs demand fb great a number of peo- 
ple 
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pie to manage thein, that it is impoffiblfe 
to breed fo many good or even tole- 
rable Mathematicians. . The only thing 
then to be clone was to make their Pre- 
cepts fit plain, that they might be unde**- 
ftood and pra&ifed by a multitude of 
Mgvl This will beft appear by-eianfr- 
pies. Nothing is more Ordinary than 
xliipatch of bufinefc by common Jritb- 
msttck, by: the TabUs offimpk wtd com- 
fauad Intertjlj jinnmttes &C. Yet how few 
Men of bufinds understand thf reafons 
of common jtrtthmettck^ or the coritri*- 
vance of thofe "Xabksf **now the^are 
jnadeY but iecurel^ vrWy on th&tt ik 
true. They were the goftd and ifhfc 
Thoroa^Mathematj^iaflsy that Made 
ahofePrecepts fo plain, and Calculated 
tbofe Table?, that, facilitate the pra^ice 
fa much. /Nothing is more universally 
necefiary, than the measuring- of Plains 
and Solid*- And it is impoffibleto brfeed 
fo many good Mathematicians, a* that 
there may be (Hie, that underftands all 
the Geometry requifite for Surveying, and 
meafuring of Prifms* and Pyramids^ and 
their parts, and hiea&ring Fruftums of 
Conoids m&SpberBtds) m every Marked 
Towii^ >w^» filch, worit is nectary I 
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the Mathematicians have therefore in* 
fcrib'd fuch Lines on their common 
Rulers, and Slipping Rulers, and adapted 
fb plain Precepts to them, that every 
Country-Carpenter, andGauger, can do 
the bufinefs accurately enough ; tho* he 
knows no more of thofe Inftruments, 
Tables, and Precepts he makes ufe of, 
than a Hobby-hone. So in Navigation, 
it is impoflible to breed fo many good 
Mathematicians, as would be neceffary 
to (ail the hundredth part of the Ships 
of the Nation. But the Mathematicians 
have laid down fb plain and di&n& 
Precepts, Calculated neceflary Tables, 
and contriv d convenient Instruments, 
fb that a Sea-man, that knows not the 
truths, on which his Precepts and Tables 
depend, may pra&ice fafely by them. 
They rejolve Triangules every day, that 
know not the reafbn of any one of their 
Operations. Sea-men in their Calculations 
make ufe of artificial Numbers or Log*- 
ritbmesy that know nothing of their con- 
trivance: and indeed all thofe great 
inventions of the moft famous Mathema- 
ticians had been almoft ufelefs for thofe 
common and great Aflairs, had not. die 
pra&ice of them been madeeafy to thofe 
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who cannot underftand them. Tf\ 
hence it is plfin, that it is to thofe* 
culative Hetird Men, we owe the Re 
the lnftruments, the Precepts for ul 
them, and the Tables which facilitate 
difpatch of fb many great Affairs, j 
fupply Mankind with io many convc 
encies of Life. They were the Men, t 
taught the World to apply Arithmeti 
jfjlronomy, and Geometry to Sailing wi 
out which the needle would be lull u 
lefs. Juft the fame way in the otl 
parts of Mathematicks, the Precepts tl 
are pra&iied by multitudes, without 1 
ing underftood, • were contriv d by foj 
few great Mathematicians. 

Since then it has been fliewn, how me 
Mathematics improve die Mind, hi 
fubfervient they are to other Arts, ai 
how immediately ufefulto the Commc 
wealth, there needs no other argumei 
or motives to a Government, to encc 
rage them. This is the natural cone 
fion from thefe premifes. Plato in 1: 
Kgpukkck {&- VII.) takes care, That, w\ 
ever is to be Educated for Magifiracy y 
any confiderable Pofi in the Common-T*eai\ 
may be injtrt&ed firft in Arithmetic ti\ 
in Geometry y and thirdly in Jfironoi 

Ai 
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And however rieceflary thofe Arts were 
in Plato > time, they are tiuch more fo 
pow : The Arts of War and Trade re- 
quiring much more the affiitance of thofe 
Sciences now, than they did then* as be- 
ing: brought to a greater height and per- 
fection. And accordingly we lee, thefe 
&ten$tr,ut the particular care of Princes, 
thatdefigA to raiie the For^e and Power 
of their Countries* It is well known, 
that this ithbne of the kaft Arts, where- 
by: the French F^ng has brought his fob* 
jeds to make thapFigowe 'at Sea, which 
they: at this time do ; I mean, the care 
He take* for Educating thofe appointed 
for Sea-fervice m Mathematical Learning. 
For tn the Grdmtomc Marine Title Vtll. 
c He orders, that there be Profelibrs to 
c teach Navigation publickly in ail the 
t Sea-port Towns, who maSL Jujow de« 
V%W& and teach it to then? Scholars, 
^iit orderto lay down the appearances 
^of .CaaAsy &a . .They are "to Jkleep their 
'i Schools open* and read four tikhesra 
^ week to the Sea-men, inhere they jnuft 
4 have Charts, Globes, ' Spheres, Com- 
c paflcs, Quadrants, Affluolabes, and ^14 
4 Books and inftruments ncieffary • ia 
'teach their Am The direci^rsof Ho£ 
- . \ " *pitals 
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pitals are oblig d to fend thither yearly 
two or three of .their boys to be taughfc 
and to fur0iib;them with Books and 
Inftruraents^ Thofe Profeffors are 
obiig'd to examine the Joarn^s depo- 
fited in the Oifice of Admiralty, in the 
place of their eftablifhment ; to correct 
the errours in pretence of the Sea-men, 
and to reftore them within a month, &c. 
King Cbaths the fecond,. who well un* 
derftood thp importance of Eftablifti- 
ments of this, nature, founded one fuch 
School in CbriJFs Hofphal London j which, 
1 believe, is. inferiour to none of the 
French : but 'tis td be wifhed there were 
many more fuch. His present Majefiy y 
during the time of the late War, efta- 
bliihed a M&htmatical LeSture to breed 
up Engineers and Officers, as knowing 
very well the importance thereof. And / 
this continued fome time after the Peace. { 
And it is worthy the confideratiop of the 
IFifdfim of the Natioo,whether thereftor* 
ing and continuing this, even in Pop*, be 
not expedient for the breeding of En- 
gineers, who are fo ufefui and valuable^ 
and fb difficult to be had in time of War, 
and fb little dangerous in times of 
Peace. 

D Befides 
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Befides the crowd oi Merchants, Sea* 
men, Surveyors, Engineers, Ship-tarpenters' 
Jrtifans, &c. that are to be lnftrudcd 
in the pradice of fuch parts of Matbe* 
maticks,*a& are neceffary* to theii: oW 
bufinefi refpe&ively, a competent nam* 
ber of eMe Mathematicians ought to W 
entertained, in order to apply thetnfelvd 
to the practice ; not only to irtftrud thd 
former fort, bat likewife to remove 
thofe obstacles, which (uc^ as do not 
think beyond their common Rules, can* 
£i not overcome. And no doubt it is no 
V final! impediment to the advancement of 
Arcs, that Speculative Men and good Ma* 
tkematiaans are unacquainted with their 
particular defe&s, and the feveral cir* 
cumftances in them, that render things 
profitable or impraUicdble. But if there 
were publick encouragement, we fhould 
have skilful Mathematicians employed 
in thofe Arts, who would certainly find 
cMit and remedy the imperfe&ions of 
them. The prefent Lords Commiffio* 
f tiers of the Admiralty knowing, that 
„ < m .there are ftill wojg&LtDeJiderdta in Na- 
vigation, to wit, Tbe7heelry6f thevarut* 
tion ofthemagnettcal Needle, arid a method 
°f, finding ou * the Longitude of any place, 

that 
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that may be praiSicable at Sea by'Sea- 
men, and being fenfible, of, what im- 
portance it would be to find out either 
of them* have impioyed a very fit pert 
ion 5 the ingenious; M r . Halfy, who has 
joyn d an .entire acquaintance in the 
pradrke, to a foil and thorough know-* 
ledge of the more afoftrufe parts of Ma* 
thematic^ And now that he is return* 
ed, it is not doubted, but lift r will iatisfy 
thofe, that fenthiny and ia due, time the 
World too with his difcoveries in both 
tho/e particulars, and ip many other, 
that he has had bccafionto make. And 
ifchere alongfories of Observations and 
Experiments is raceffary , he has no 
doubt laid fiich a foundation, . as that 
Aft^-Obfervers may gradually, pdvfaSt 
them. \ If k were hot for more than 
the correcting th^ fitoation of thfcCoafts; 
where he touched^ .and by them others, 
tarhoft relation to the former is known, 
the Nation is more then! triply pay d; 
andthofe, who fcnt him, /haye by this 
MifEon fccured tothemfelvesmoce true 
Honour and faffing Fame, than by 
Actons* tint at fint view appear more 
Magnificent*- 
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The next thing, that is neceflary for. 
/ the improvement of Mathematical Leum* 

f «K» is, That Mathematick5i)e more ge- 
nerally ftudy r d at our TJmverJkies than 
hitherto they have been. From thofe 
Seminaries the State juftly «xpe<3tsand 
demands thofe, who are acquainted both 
with the Speculation and Prafiice. In : 
thofe are all the encouraigements to them i 
imaginable, Leifure and Affiftance. Inhere j 
are ftilLat hand Books and Inftruments, i 
as alfb other Scholars that' have made j 
equal progrefs, and. may ibe Comrades 1 
in ftudy, and the dilution of the Pro? j 
feflbrs. There are alfb in perfection all 
the incitements to thistftady, and efpeci* 
ally an acquaintance with the works of 
the Ancients, where this Learning is fb 
much recommended : There other Facul- 
ties are ftuciy *d, to whlbfo it is fubfervient 
There a Ho are.the. Nobility and Gentry 
S bred, whb, in .due time muft be called 

>>^to their (hare in the Gorrernment of the 
Fleets % jirmy r Treafuryj and other Publick 
Empioyment5,where Mathematical Learn* 
ing is abfblutely heceflary, and without 
which, they, tho' . df never fp great 
Natural parts, muft be at die mercy and 
difcretion of their Servants and Depu- 
♦ : ties ; 
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t«6 ; who will firft cheat them, 'and then 
laugh at them. And not only Publicfc I 
Employments, but their Private Cobh J 
corns demand Mathematical knowledge [ 
If their Fortunes lie in Woods, Coal, } 
Salt, Manufa&ures, &c the neteiSty of j 
this knowledge is open and known : and / 
even in Land-Eftates, no undertaking i 
lor improvement can be fecurely rel^d \ 
upon without itJ It not only makes a \ 
Man of Quality and Eftate his. whole ■ 
life more lllufirious, and more ufefol 
for all Affair?, (as Hippocrates fays, i^b- / 

/Ktf«f i $ /a*W, do ^ 79f &0¥ i&cAsa /g$ -• 
cfti »^^tp^ <i#fyu7n»Lt>~ (uiplut effort* \ 
Aira, «&*:*(£/ rlw \f/u^/a? ijhmftu* ** % tip ] 
h&)tiiqlu*&£$ but in particular, it is the v 
lieft Companion for a Country Life: s 
W^re this onoe become a fafhionable 
ftudy (and the Made ^xerciies its Em- 
pire oveiS Learning as well as other v 
things) it is hard to tell, how far it . 
might influence the Morals of our No* 1^ 
bihty and Gentry, in rendring them Se- ^ 
rious, Diligent, Curious, taking them / 
off from the JiKMfe fruitlefs and airy exer- / 
cifes of the ifancy, which they are apt I 
W ran into. s 
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The only Objcdion, t can think ti$ 
that Wi brought agaitoft.thefe ifodiBa* 
is. that Matbematicks require, a parti* 
cubr turnjof Head> andanapfntGenina 
that feyr people areMalnxrs.o£ without 
which aft the pains bc&owed upon tbd 
ftudy of them are in varo.: They ima-i 
gjuae thai iMmmnfthtBotnAMathtm** 
tki4n. .1 an4*er> that .thit Eomftitt *t 
common to.Mathefnaticksaartothcr Amu 
That -these are perfoas, tharfcave a par* 
ficnlar eafweity. and fitnefi to one - nor* 
than at»tber v eve*y b<>4y o*ns: And 
ftom expefieooe I dare iayy it is not in 
any higher dpgree true eanceQiingJriia* 
theinaticjb than the others. . A-- Marcof . 
good Jenfc and anpjication isthe.per* 
Jon, that is by nature fitted .for them i 
eipecia%jf he begins betimes; And if 
his chrcamftanees nave .been iuchf that 
thi&dtd not happen, by prudent direfti* 
on the deffe&may be fhpply'd at much 
as in < any; < Aft- whatfbevmv The- only 
advantage dais Objection Jttty n» that at 
is on the #de of foft^efe and idlenefii 
thofe powesfujfc Allies. t :r •'•'. , ■'■'- 
-i There ia »©thing faitheriwhaiiw, Sin; 
but that i give you my thoughts inge* 
neral concerning the Ordqr and Method 

of 




ofitadyk&AfcAkflwfcft^ whichl fl^II 
do very fiortly, as* knowing <tkat you. 
axe already acquainted wkh the beft me* 
thods, and others with yoa msy Jwve, 
thma cofily from the beft atfd abkft 
hands* '-->;■.'• 
. Fkft th*4 If Jay down for a princi- 
ple, that no body at an; IMwerfoynsuy 
betaaghi 'the pra&ice of any Mc 
without, the tn?e and Jblid ittalon and; 
demw&ratwftof the fem*.; Rnl^s with- 
out demonftration tnuft and ought to' 
be taaghc ia Saaftrrt, Jrtifa*i,'&ic. as 
liave afc»% bod ; andSdwiuls for inch 
peopie are A «aSti-p6rtsarfd; Tradings 
Hownss hit it w&r below tfce dignity 
often 3tttt>anfcWwJiiel» •*• <kfign'd for. 
Ibiidraikd tni«iieat^i|g, to <b thw. It* 
kfifom the Uaimtfides, that >they rmft 
came, who are able to retaedy the de- 
fwftg of the Arts' r and therefore no* 
tfafig weft be taken a'tttft theses 
&*oW and: -'iSarw^ana, &c . remember 
their Rok3,feecame they areperpeto* 
ally praditogtheoi r Bat Sptefarj* who 
are not thusesapiby'd, if they know not 
the' denonftx&tioBi of thetnf» -presently 
forget than;'- '•. v • 
.* i\ 
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Secondly, no part of Mathematicks 
ought to be taught by Compendinmsj 
This follows from the former. Compen* 
dwms are fit to give a general ^net fa- 
perficial knowledge, hot a through ona 
It's time, and not the bulk of Books, we 
ought to befparing of: jAIicJr I appeal to 
any peribo of Experiencey whether icK 
lid knowledge is not apqaifd in fhorter 
time by Books treating fully of their 
fobje&s, tltanby Coriipendrams and A^ 
bridgements, ..?? 

From hence it fbHow*> chat the Ee- 
masts of Apttbmetick, .. hhd geometry are. 
to be. taught. -Ear&i "--m Jis thiqco* 
^ooks ^Elements gives :u$ib6tiir;bul; 
our prefcnt-way of ^9t^S(m^&^&t&dt» 
fomeof thofe of Arithrmtkk^ as rteniok* 
(tracing the Rules from tfab? Qjaecttidis 
themfewsi There remain then the 
firft fix Books for theGevtoetryof Plabu> 
and the laftr three for Steriorietty. ffbb 
reft ought ta be read in their own placfc 
for the perfection of jfritfantttck. Itt 
teaching thefe, care: ooglit ta be ;tekea 
to make u|e of fijeh Examples, as firit 
with the condition of the Scholar. For 
inftance, Merchants Accounts and J$mrs 

. * for 
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for Examples of the Operations i 
r'uhtneticky to one that is afterwa 
have a concern that way; where; 
Man of die fifft Quality, ex; i 
from the encreafe and decreafe &f U 
pk y or from Land or Sea-Fbrce y an< 
iheTafticfy oughjt to be propofed. 
it is certain; nothing makes one 
iboner, than the frivolous and t I 
examples, that are commonly br 
for ,the exercife of the Rules of ' 
inetict and Gem*try\ tho' this is 
mon to them -with the other A: 
Grammar*, £«g*>£, &c- * """ 

The ftianaer of Writteg of >th< 
thematicians of this and the £ i 
Age makes TViganomefrVj with the 
ner of coaftfu^ing its Tables, & 
moft Elementary'-, and the practical 
mtry commonly To call'd, is very 
come nejct, as an elegafit applic 
of the Elements of Geometry to Bu 
*i Surveyw£,<iauging, &c. 

After the Elements of Spherichi\ 
are perfe&ly well handled by Thee 
a roll ixtfisht into the principles of . 
nmy will be ftcceflary . 
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Mechanic/^ come next to be read, 
which are the Ground of a great part 
of Natural Learning : and afterwards Op-. 
tuh> Catytrufo and Diaptrttkt> 

Bat noneot thefe except the Elements 
can be fully understood until one is pret- 
ty well skilled in Comch^tftuns : And all 
thefe are made more eafy by (bme to- 
lerable skill m j4tgekra % And its applica-* 
tk>n to Gevoietry. t :, ( 

Thefe foundations being laid, any 
one may with great eafe pttrfue the 
ftudy of the Mathematician 99 his occa- 
fions require: either in its ^ffra& parts, 
and the more recm&U G*metr% and its 
application, to Natural knowledge; or 
10 Mechanic^, by profecutjng the Sta- 
ticks^ Hydrtfiifticks, BallifhuJis^ &c> or in 
Aflrowmy, by it? application to Geqr** 
pfyi Navigation > GnwKnmk?, ^roUbe*^ 
#c. But in «oft of thefe a particular 
order is not neceffary. Any one may 
take that firft, which he kowfiL inch- 
Uedto. 

v - I (hall not offer you any advice con- 
cerning the choice of Books, hat jrc&r 
you ( if you want any ) to the dtae&on 
of thofe, who are Eminent among you 

in 
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in this part of Learning. I ask your 
pardon for the omiffion of Ceremony in 
thefe papers, having followed rather the 
ordinary way of EJfay than Letter : ami 
wifhing you good fuccefs in your ftudies, 
lam, 



Sir,. 

Your Friend and Servant. 



*/. NoveTnb. 
,i7uo. 
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